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The present study aims to inventory and analyse the ethnobotanical knowledge about medicinal plants in the Serra 
de Mariola Natural Park. In respect to traditional uses, 93 species reported by local informants were therapeutic, 27 food, 4 
natural dyes and 13 handcrafts. We developed a methodology that allowed the location of individuals or vegetation 
communities with a specific popular use. We prepared a geographic information system (GIS) that included gender, family, 
scientific nomenclature and common names in Spanish and Catalan for each species. We also made a classification of 39 
medicinal uses from ATC (Anatomical, Therapeutic, Chemical classification system). Labiatae (n=19), Compositae (n=9) 
and Leguminosae (n=6) were the families most represented among the plants used to different purposes in humans. Species 
with the most elevated cultural importance index (CI) values were Thymus vulgaris (CI=1.431), Rosmarinus officinalis 
(CI=1.415), Eryngium campestre (CI=1.325), Verbascum sinuatum (CI=1.106) and Sideritis angustifolia (CI=1.041). Thus, 
the collected plants with more therapeutic uses were: Lippia triphylla (12), Thymus vulgaris and Allium roseum (9) and 
Erygium campestre (8). The most repeated ATC uses were: G04 (urological use), D03 (treatment of wounds and ulcers) and 
R02 (throat diseases). These results were in a geographic map where each point represented an individual of any species. A 
database was created with the corresponding therapeutic uses. This application is useful for the identification of individuals 
and the selection of species for specific medicinal properties. In the end, knowledge of these useful plants may be interesting 
to revive the local economy and in some cases promote their cultivation. 
 






Throughout the ages, mankind has used plants, particularly those that are accessible, for various purposes (Agelet et 
al., 2000). The worldwide consumption of herbal medicines today is enormous (Hamilton, 2004), so that, in terms of 
population exposure alone, it is essential to identify the risks associated with their use. Safety of herbal medicines is therefore 
an important public health issue (Shetti et al., 2011). Thus, in the Iberian Peninsula there are studies on medicinal plants 
(Raja et al., 1997; Bonet et al., 1999; Agelet and Vallès, 2001, 2003; Camejo-Rodrigues et al., 2003; Belda et al., 2004; 
Rivera et al., 2005; Akerreta et al., 2007; Benitez, 2007; Tardío and Pardo-de-Santayana, 2008; Gonzalez et al., 2010; Cavero 
et al., 2011) and edible flora (Bonet and Vallès, 2002; Tardío et al., 2005; Rivera et al., 2007; Parada et al., 2011), but also 
some general ethnobotanical studies (Mulet, 1991; Gil-Pinilla, 1995; Verde et al., 2000; Molina, 2001; Carvalho, 2005) and 
other about the importance of home gardens and cultivated areas in the evolution of useful flora (Agelet et al., 2000). In the 
literature, there are several studies related to the properties of plants and botanical of the Serra de Mariola Natural Park 
(Belda et al., 2009). The plants of this study area are represented in herbariums of the most important botanical institutions in 
Europe. Serra de Mariola is a unique space for research and there are several studies that evaluated different ethnobotanical 
aspects in cultivated and non-cultivated areas (Rios and Martinez, 2003, Belda et al., 2004; Belda and Bellod, 2006).  
The plant species in Serra de Mariola include sclerophyllous shrubs and trees, which are adapted to Mediterranean 
stress conditions. Local flora, consisting of evergreen, coriaceous, glabrous, and aromatic plants, is adapted to conserve water 
for much of the year. Some qualities are common to many of these plants, including resistance to drought, adaptations to 
heat, and low tolerance to low temperatures. These bioclimatic and biogeographical conditions favour the development of 
rare, endemic, and endangered species (Serra, 2001, 2007). Considering the bioclimatic and biogeographical conditions, the 
climax vegetation is the evergreen oak forest (Hedero helicis-Quercetum rotundifoliae subas. ulicerosum parviflorae) (Belda 
and Bellod, 2006). 
The process of oral transmission has broken down and most traditional knowledge is only to be found in the 
memories of elderly people, and of course it is being progressively lost as such people pass away (Gonzalez et al., 2010). The 
registration of the traditional ecological knowledge is useful, but its collection has unresolved methodological problems such 
as the inadequate research in the traditional uses, the lack of cooperation and sharing of knowledge among diverse disciplines 
have further hampered the research and development (Reyes-García et al., 2009; Meetei et al., 2012). Only through a 
rigorous design of this type of research can optimize the significance and relevance of the data (Davis and Wagner, 2003). 
One of the most important aspects are tools used to identify local experts, that provide research data which are based on local 
ecological knowledge. Global Positioning Systems (GPS) and Geographic Information System (GIS) facilitate localization of 
taxa. These studies are very difficult to perform due to the thoroughness of the field work. The use of GPS allows detailed 
and accurate chorological studies to inventory ranges, dynamics and evolution studies of populations, monitoring and control 
of the most interesting species (Marco et al., 2002; Giménez et al., 2010).  
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The objectives of this study are the development of a GIS database to distinguish the therapeutic uses of plant species in a 
Mediterranean protected natural area and evaluate the use of the ATC classification (Anatomical Therapeutical Chemical) for 
the standardization of results and compare with other regions (Miller, 1995). In this case, it is useful to compare medicinal 
properties in international electronic databases, such as MEDLINE, EMBASE, AMED, NeMedPlant, NAPALERT, TCM-ID, 
CMKb and CINALH (Hung et al., 2011; Meetei et al., 2012). Thus, this paper documents the cross-cultural plant uses for 
human link to folk therapies, in order to preserve the ethnological knowledge on traditional health medicine. At the end, we 
want to contribute to the dissemination of results within the scientific community in order to open a door to research in other 
disciplines. 
 
Materials and methods 
Study area 
 
Serra de Mariola Natural Park is located in the southeast region of Spain, in the northern Alicante province and 
south of the province of Valencia. It is geographically located between the coordinates UTM 702000N- 4288000E (Figure 1). 
The total area occupied by the protected area is 17,500 hectares. 7 localities distributed in three districts: l´Alcoià, Vall 
d´Albaida and Comtat. The study area has a very mountainous and rugged relief, except for some river valleys. Due to its 
geographical location, Serra de Mariola has a typical Mediterranean climate with mild temperatures. Thus, the average 
temperature is 5.3 ºC in the coldest month (January) and 25.4 °C in the hottest month (August), with average annual 
temperature of 14.5 ºC. The average annual rainfall is 638 mm, which is concentrated in the spring and autumn and there is a 
prominent dry period in the summer. It should be noted that the resources provided by this river system (Serpis-Clariano-
Vinalopó), supply most of the required water resources for this area (Belda and Bellod, 2006).  
According to the land uses, the most abundant is the natural matrix that occupies 67% of the total area of the park, followed 
by the dry matrix (24%), urban (5%), abandonment (3%) and irrigation (1%). However, in some areas of the Natural Park 
there have been some considerable episodes of change in land use, especially for the transformation of urban use in natural. 
This natural area has a high level of plant and animal biodiversity. Thus, the Serra de Mariola is an area of great diversity of 
flora and ethnobotanical value. Mariola floristic popularity is due to the abundance and diversity of plants that are used by 










A total of 7 localities were prospected with oral interviews in all regions of the Serra de Mariola (El Comptat, 
L’Alcoià and Vall d’Albaida) during 2002-2009 (Figure 1). Vernacular names of plant species traditionally used were 
obtained in the field by interviews with the local population. Ethnobotanical information was primarily based on semi-
structured interviews, in which we gathered information such as the different plant species used to cure illnesses and other 
interesting uses (edible flora, dyes, fibber extraction, etc.). The information gathered in interviews was further verified by 
field observations with the stakeholders. This kind of investigation, in sociological terms, is called "participant observation" 
(Guasch, 1997; Trujillo and García, 2001; Belda et al., 2010). In this process, informants were observed while preparing 
plants to cure illness, and their recreational activities were documented.  
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People with a specific profile were selected in order to obtain high quality and reliable information. Interviewed people are 
26 to 92 year-old volunteers living in a rural environment and from a variety of socioeconomical strata, who had used 
medicinal plants throughout their life. We wanted to emphasize the ethnobotanical importance of local variations of plant 
names and the different applications of these species. We conducted 123 oral interviews; 64.22% (n = 79) of the informants 
were men and 35.38% (n = 44) women, and the mean age was 62.4 years. In all municipalities, inhabitants speak Valencian 
(variant of Catalan) and Castillian (standard of Spanish). 
A digital sound recorder was used to register interviews and to create an audio pool of the information with a total 
of 85 hours. In addition, a photographical archive, with photographs of each of the species referred to by the informants, was 
constructed and deposited in the Ecology Department Archive of Alicante University. Plants were collected from various 
parts of the study area and were identified in the laboratory, using a detailed regional dichotomous key (Mateo and Crespo, 
2003) and registered into ABH (Herbarium of Alicante University). We used Excel ® 2003 to perform a simple statistical 
analysis of the collected data; specifically, we calculated the relative frequency of citation (RFC) at which each species of 
plant was used for its medicinal properties. Moreover, we calculated a cultural importance index (CI) where each addend is a 
measure of the relative importance of each plant (Tardío and Pardo-de-Santayana, 2008). 
 
Field work with GPS 
 
Individuals of each species mentioned have been georeferenced, defining its existence in physical space (Hill, 
2006). A highly accurate GPS (Trimble ® GeoXT) have been used to carry out the fieldwork. This work was performed 
during 25 field days, locating at least five individuals of each species of interest. The fieldwork was completed in the cabinet 
with differential correction and export of records to the GIS database. Differential correction was carried out using the GPS 
Pathfinder Office® software. Next, with reference to the ethnobotanical interviews, data were introduced concerning family, 
scientific name, common name in Castilian, common name in Catalan, plant part used, administration way and ATC 
therapeutic uses. These variables were the most representative in the ethnobotanic study. Finally, from this database, different 
location maps have completed as support to future field trips.  
 
Use of the ATC code 
 
The next step georeferencing is the classification of plants according to their therapeutic applications, identified by 
a code ATC (Miller and Britt, 1995). Use of a standardized classification and identification for transmitting reports is 
desirable. Coding of adverse events/adverse reactions to herbal medicines should be compatible with that for other medicines. 
For the therapeutic classification of herbal products, anatomic–therapeutic–chemical (ATC) classification was used for 
chemical substances in medicine (Shetti et al., 2011). Each code is an indicator of drug substances and drugs, organized by 
therapeutic groups. The therapeutic classification system was established by the World Health Organization (WHO) and has 
been adopted in Europe (De Smet, 1993). The code registers the system on serving the active ingredient, pharmacological, 
therapeutic indications and chemical structure of the drug. This classification system is divided into five levels: 1) (anatomy): 
organ or system in which the drug acts, with 14 groups in total, 2) therapeutic, identified by a two-digit number, 3) 
therapeutic or pharmacological identified by a letter of the alphabet, 4) therapeutic, pharmacological or chemical, identified 
by a letter of the alphabet, 5) name of the active drug or association, identified by a two-digit number. 
 
 
Results and discussion 
 
93 species of plants were collected, belonging to 41 botanical families, which are used for different purposes. We 
present the scientific names of these plant species, voucher register, the family to which they belong, relative frequency of 
citation, cultural importance, whether wild or cultivated types were used, and their properties for humans (Table 1).  
In figure 2a, 464 individuals were located of the total 93 species in the study area. Moreover, a cut image of the 
area which recorded the highest abundance of medicinal plants has been presented. Each taxon can have different uses ATC, 
so a different mapping, for each of the 37 identified uses, has been developed (Figure 2b).  
With respect to the gathering of the different useful plants, the majority are collected from scrublands or forests 
(45.16%). Thus, 23.60% of the species reported are associated with nearby homes, footpaths, homegardens, etc. and 12.90% 
with urban or periurban zones. 9.68% of the species are collected from cultivated areas respectively, while 5.38% and 3.23% 
are gathered from rocky places and aquatic environments. The best season for gathering wild plants is spring, when the 
majority of the species are available. 
Labiatae (n=19), Compositae (n=9) and Leguminoseae (n=6) are the families most represented among the plants 
used to different purposes in humans. In this study, the majority of species are wild (n=66) and the others are cultivated 
(n=27) in farmlands and cottages, there are significant differences between both types (p=0.015) (Table 1). The most 
important plant species used by informants are Foeniculum vulgare, Chiliadenus saxatilis, Sideritis angustifolia, Salvia 
blancoana, Rosmarinus officinalis and Thymus vulgaris, representing more than 80% of relative citation frequency (RFC). 
Among the species with the greatest cultural importance, five species with values higher than 1 for the CI index are striking: 
Thymus vulgaris (CI=1.431), Rosmarinus officinalis (CI=1.415), Eryngium campestre (CI=1.325), Verbascum sinuatum 
(CI=1.106) and Sideritis angustifolia (CI=1.041). In contrast, the lowest CI are in: Saxifraga longifolia  (CI=0.057), Daucus 
carota (CI=0.089),  Allium sativum and Crocus salzmanii (CI=0.098). However, there is no correlation between the type 









Table 1: Plant species in the study area and their traditional uses in humans. Medicinal uses according to the ATC 
classification. Type: W, wild; C, cultivated. RFC: relative frequency of citation. CI: cultural importance index. Mar 
01, 02, 03 and 04 are the register number of photographs deposited in the Ecology Department Archive of Alicante 
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Subsequently, there are the uses identified under the ATC code referring to the application of the plant and give the number 
of plants used for each of these medicinal uses (Table 2). Among the many considerations that can be drawn from this record, 
it is interesting to note two: (1) the number of plants available in the study area for each use ATC and (2) those plants with 
greater diversity of uses ATC. First, the most frequent use ATC is G04, with 38 species known to have healing properties for 
various urological affections. Secondly, the plants belonging to the group D03 (with 31 species) have been employed in the 
treatment of wounds and ulcers. The third most important group is R02 with a total of 23 species. On the other hand, Lippia 
triphylla (12), Thymus vulgaris (9), Allium roseum and Eryngium campestre (8) are the species with greater therapeutic uses.  
Most of the remedies are related to the treatment of unimportant ailments, referring to disorders of the skin, and the 
respiratory and digestive systems. Thus, some of the species studied in this project are in the group of the top vascular plants 
in traditional phytotherapy in other regions, such as Allium sativum (antiotalgic, antihelmintic, anti-inflammatory/antialgic, 
antiverrucose, and antibronchitic), Foeniculum vulgare (carminative, cold, intestinal anti-inflammatory, laxative, gastralgia, 
diuretic and antihalitosic), Olea europaea (antihypertensive, hyperglucemia, hernia, food poisoning, heartburn, warts, cough, 
erysipelas, sores, psoriasis, burns, hoarseness, baldness, rheumatism, antipyretic, antiseptic, laxative and antiotalgic) (Parada 
et al., 2009; Benitez et al., 2012). In other Spanish studies, the results are similar, such as Ditricchia viscosa which is used for 
this digestive pathologies, Hypericum perforatum to skin problems,  Rhamnus alaternus to cardiovascular system, Crataegus 
monogyna  to mental-nervous affections, Rubus ulmifolius to nutritional uses and Rosa canina to sensory properties 
(Gonzalez-Tejero et al., 2008; Gonzalez et al., 2011). Moreover, in South-Eastern Spain, Helichrysum stoechas, Dorycnium 
pentaphyllum, Mercurialis tomentosa and Retama sphaerocarpa extracts have used due to their potential anti-inflammatory 
effects targeting nuclear factors and other pro-inflammatory mediators (Bremner et al., 2009). 
The cultural importance index corresponds with an interest in detailing the specific uses of plants that better reflect 
the cultural aspects of plant utilization. In fact, ethno botanical publications usually present plant uses in tables or catalogues, 
where the information is grouped by species, indicating their particular uses, and, commonly, the number of informants who 
mentioned them. This way of grouping is much more reasonable for evaluating the importance of each plant species by its 
cultural consensus (Tardío and Pardo-de-Santayana, 2008). Thus, two species of this study are the most important taxa, 
within the Spanish food traditions, are Rubus ulmifolius and Foeniculum vulgare. Both plants are cited for more than two 
food-categories and their cultural importance of elm-leaved bramble (CI = 2.08) is due to its fruits and young shoots are 
eaten; same fruits are also used for the elaboration of beverages. In turn, the wild fennel reaches a CI value of 1.34, because 
its young shoots are sucked as a sweet; its aerial part is used for making liqueurs, and its seeds for preparing herbal tea. Its 
aerial parts are also used for seasoning olives and its tender leaves and stems are eaten in salads (Gonzalez et al., 2011). In 
respect to medical properties, in one study of the Arribes del Duero (western Spain), the most elevated CI values are to 
Hypericum perforatum (CI =0.71), Malva sylvestris (CI =0.54) and Rosmarinus officinalis (CI =0.46) (Gonzalez et al., 2010). 
In Campoo the folk species of Quercus sp. Pl., is the most culturally significant according to the CI index (0.60), and other 
species such as Crataegus monogyna (CI=0.52), Origanum vulgare and Rubus ulmifolius (CI=0.42), Urtica dioica (CI=0.41), 
Rosa sp. pl. (CI=0.40), Prunus spinosa (CI=0.39), Malva sylvestris and Equisetum sp. pl. (CI=0.26),have been studied 
too.(Tardío and Pardo-de-Santayana, 2008) 






Figure 2. Location of individuals harvested for medicinal purposes in the Natural Park of Serra de Mariola. a) all individuals 
in the area, b) the location of each individual in the area with the greatest abundance of medicinal plants. 
 
 
ATC groups best represented are those whose illnesses and diseases are more common and for which treatment is most 
evident. Thus, respondents have a heightened awareness for the treatment of general ailments. It is also interesting to note 
that there are certain plants which have identified several potential applications are considered by many informants as plants 
panacea. However, this popular perception does not meet the needs of the pharmaceutical industry, where they can also be 
very interesting species with less diversity of uses but more effectively. It must bear in mind the global WHO database to 
identify/detect signals of new adverse reactions from the cumulative data and to communicate risk assessments back to the 
national pharmacovigilance centers and to others concerned with drug safety (Shetti et al., 2011).. Using bioinformatics 
approaches, we made an attempt to systematically record information on rich heritage of the medicinal plants. We gathered 
traditional, scientific and medicinal information from local sources and peer-reviewed literature, and compiled it into a 
comprehensive knowledgebase (Meetei et al., 2012). 
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Table 2: Medicinal uses according to the ATC classification and number of species that have therapeutic properties. 
 
ATC Code Use Nº of species Frecuency 
G04 Urinary 38 40.86 
M05 Bones and joins 4 4.30 
B02 Haemorrhages 2 2.15 
D11 Skin and subcutaneous tissues 22 23.66 
R03 Respiratory problems 13 13.98 
D10 Acne 5 5.38 
P02 Helminthiasis 2 2.15 
D08 Bacteria and microbes 6 6.45 
M01 Rheumatism and inflammations 20 21.51 
R02 Throat  23 24.73 
G02 Gynaecological  17 18.28 
A07 Diarrhoea 12 12.90 
D03 Injury and ulcer 31 33.33 
C02 Alteration of blood pressure 13 13.98 
A15 Loss of appetite 9 9.68 
A13 Tonic 18 19.35 
A01 Toothache 11 11.83 
A10 Hyperglycaemia 3 3.23 
A05 Ischocholia 8 8.60 
A06 Constipation 17 18.28 
R05 Cough 11 11.83 
A09 Indigestion 13 13.98 
A03 Stomach and intestine problems 12 12.90 
D05 Psoriasis  5 5.38 
S01 Eye infection 4 4.30 
A02 Heartburn 3 3.23 
N01 Anaesthetics  3 3.23 
D01 Skin fungus 7 7.53 
H04 Pancreatic problems  8 8.60 
N02 Fever 3 3.23 
C05 Haemorrhoids 7 7.53 
N05 Stress and insomnia 2 2.15 
N06 Stimulant 3 3.23 
C01 Heart problems 3 3.23 
G01 Gynecological anti-invectives 1 1.08 
B03 Anaemia 2 2.15 
B06 Hematological agents 2 2.15 
 
  
In this study we consider only species mentioned by the informants in the study area. Thus, there are more species 
with medicinal properties in this Mediterranean region (Mulet, 1991; Gonzalez-Tejero et al., 2008; Bremner et al., 2009). 
However, this line of work opens the door to future research, in which this database can be reviewed and extended. This 




In conclusion, data obtained in this research are scarcely known at local scale and show many details of plants 
related to human medicine, facilitating access to interesting and novel information. This allows recovery of forgotten uses 
and traditions, highlighting the utilization of different species to cure common illnesses, resulting in a very interesting 
contribution to ethnobotanical bibliography. Thus, knowledge of these useful plants may be interesting to revive the local 
economy and in some cases promote the cultivation of them. Working with GPS and GIS can be located quickly and easily 
the position of individuals and taxa studied. Thus, it is very useful presentation of results by mapping. Once the field work 
with GPS and the integration of GIS information, the user can type queries multitude of spatial and thematic, which serve to 
save sampling effort in other ethnobotanical research. 
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The information provided through personal interviews is valuable because it allows a very detailed knowledge of medicinal 
plants in the area. This information can be properly normalized within a database, thus facilitating the development of 
pharmacological and ethnobotanical heritage conservation. Thus, the combined use of GIS with ATC classification code is a 
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